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Abstract 
Energy is the biggest crisis to humanity in the future. Nowadays, most of the energy used on earth comes from oil, 
gas and coal. According to the recent exploring and consuming rates, the energy will be exhausted in 50-100 years. 
Whether we can solve the crisis is closely related to the survival of humanity on the earth. The irradiation from the 
sun is the biggest energy source. Building PV power plant to utilize the energy from sun will be an only way to 
sustain the life cycle on the earth. However, the development of PV power plants require the huge supply of PV cell 
and the fabrication process may bring a quantity of pollution and waste, which is harmful to the environment. On the 
other hand, super large PV power plant will occupy huge land. If the land cannot be explored and used reasonably, 
this will not benefit the human life either. In this article, we address the discussions about the above problems and 
propose the initial suggestions about development trend of PV industry and the safety operation mode of super PV 
power plant. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
Keywords: Environmental Friendly, PV Power plant, Solar Cell 
1. The significance of PV power plant 
As an important material for the development of national economics and daily lives of human beings, 
the amount of conventional fossil energies is decreasing year by year. The serious environmental 
pollution originating from fossil energie consumption is also destroying the earth. Moreover, there is still 
more than two billion habitant suffering from the energy shortage. To solve these challenging problems, 
the renewable energies like biomass, wind, and solar energy have been regarded as potential routine to 
cope with serious energy dilemma.  
Among those green energy strategies, solar energy has attracted vast attention due to its huge amount, 
being the base for other green energy, and easily-accessed characteristic. Concretely, it is reported that the 
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amount of solar irradiation received by earth can be as high as 0.8 million kilowatts. If 0.1% of the solar 
energy received by earth were changed into electricity with 5% of converting efficiecy, 5.6 T kwh 
electricity would be obtained, which be more than 40-times of the total energy consumed by the current 
world [1-4].
On the basis of this viewpoint, it is very promising to expect solar energy dominating future energy 
market. According to the forecast of Joint centre of European research (JCR), as can be seen from Fig.1, 
the renewable energy in the whole energy structure can be up to 30% in 2030, and the PV (PV) power 
would be 10%. Approaching 2050, the corresponding value can be, respectively, improved to 50% and 
20%. At the end of 21st century, the specific number for two ratios would be 80% and 60%, respectively, 
indicating the importance of PV power [4].
Fig. 1.  World energy consumption distribution[4] 
2. Environmental Friendly PV Power plant 
Depending on whether power plant is on-grid or not, the PV power plant can be divided into on-grid 
and off-grid or individual PV power plants. The latter power plant is generally applied in power supply in 
the remote village, pastoral area, and island. Off-grid PV power is also used for some special occasion 
such as communication relay station, navigation mark, meteorological station, and border post. As the 
popular strategy in PV power generation, the on-grid connected plant employs on-grid inverter and switch 
to transport the generated electric power into the conventional electric grid. 
Accompanying with the rapid development of PV technology, the on-grid power generation are 
gradually dominated the whole PV market, indicating its immeasurable application in the future energy 
revolution. With the help of on-grid power generation, the development of PV power generation has been 
switched from off-grid and special applications to the concentrate grid power aspect, from supplemental 
energy into alternate energy source and establishing the renewable energy applications. In is reported that 
the more than 16 GW PV power plant has been built in the world, in 2010. 
Benefiting from the pull of European PV market, the PV industry in China has experienced rapid 
development from 2004. The annual growth in the past five years is over 100%. Since 2007, the product 
of PV modules in China has positioned the first site among the world. In the new capacity of 16GW in 
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2010, more than half of amount comes from China. As indicated in the Table 1, 4 mainland PV 
enterprises and 3 Taiwan enterprises occupied the world’s ten largest PV producers and dozens of PV 
corporations in China succeeds in overseas market. 
In August 2011, Chinese national development and reform committee (NDRC) issued the “feed-in-
tariff” policy of China. It was reported that the NDRC will implement the unified power price for the non-
bidding solar power project. Beginning from 2012, the feed-in-tariff was established as 1 Yuan per kwh, 
making the photovoltaic power price having the unified reference, and also providing the flexibility for 
the local government to carry out the specific allowance policy. This might be a milestone to advance the 
Table 1.  2010 Top 10 PV cell manufacturers 
2010  PV cell manufacturers 
1 Suntech Power 
2 JA Solar 
3 First solar 
4 Q-cell 
5 Motech 
6 Gintech 
7 Kyocera  
8 Sharp 
9 Trina solar 
10 Sunpower 
development of PV industry, and to stimulate the construction of PV power plant. On the basis of this 
background, it is very interesting to search the specific type of environmental-friendly power plant. 
Historically, there are three generation of PV cells being applied in PV power plant. The first 
generation of PV cells is the single p-n junction cells like single-crystalline silicon cell, poly-crystalline 
silicon cell, gallium arsenide cell, and others, sharing together around the 85% PV market. Owing to its 
abundance in earth, silicon-based PV power plant will still play the dominating role in future PV power 
plant. Unfortunately, the production of poly-crystalline silicon has been regarded as a high-pollution, 
energy-intensive industry, conflicting with the green PV concept, making its development suffering from 
the official suppression. In 2009, the poly-crystalline silicon industry was even treated as over-capacity in 
the Document No. 38 issued by the State Council. As far as gallium arsenide is concerned, the highly 
toxic of arsenic is also conflict with the green concept. Therefore, much effort should be paid on the 
environmental-protection and reducing the energy consumption during the construction of solar modules. 
Meanwhile, other green power plants have also been proposed and developed by PV community [5-7].
In order to reduce the material consumption and lower the device cost, the so-called second generation 
PV cells, thin-film PV cells, appears. By depositing cell active layer structure of several micrometers on 
the economical substrate, the material consumption as well as cell cost can be greatly reduced, showing 
the appealing feature for the scalable-production. At present, the thin-film solar cell materials mainly 
include the micro-crystalline silicon, amorphous silicon, and CdTe. Specifically, the additional attention 
must be paid on the production of CdTe cells due to the toxic cadmium [8-10].
Thin-film poly-crystalline cells, of less silicon consumption and small energy consumption, would be 
the future preferable power plant component. As compared in the Fig.2, thin-film silicon technology can 
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reduce the 2/3 energy consumption, and reduce the 3/4 material consumption. In Table.2 [7], the best 
conversion efficiency of different silicon cells have been listed. It is easily concluded that the comparable 
cell performance might be attained once the technical breakthrough is achieved in thin-film silicon cells. 
Multicrystal
silicon piece
trichlorosilane
Siemens 
multicrystal
silicon 
Cast 
ingot
slice
Fig. 2.  The comparison of fabrication process between thin-film poly-crystalline cell and crystalline cell 
Table 2.  2010 Top 10 PV cell manufacturers 
Type of silicon cell Efficiency (%) Voc(V) Jsc(mA/cm2) FF(%) 
Single-crystalline silicon cell 24.7 0.706 42.2 82.8 
Multi-crystalline silicon cell 20.3 0.664 37.7 80.9 
Thin-film multi-crystalline silicon cell 16.6 0.645 32.8 78.2 
Amorphous silicon cell 9.5 0.859 17.5 63 
In order to further improve the conversion efficiency, the PV researchers start to deeply study the 
limited efficiency and the specific energy loss mechanisms, and establish the new generation PV 
technology, namely third-generation PV technology, including the concentrated PV module, quantum 
structure cell, and others. One of particular interest here is the concentrated PV technology consisting of 
cheap optical concentrator and high-efficiency multi-junction tandem cell. Concretely, the solar irradiance 
was firstly concentrated by economical Fresnel lens with 500~1000 concentration onto the small cell chip, 
the PV cell chip consists of three subcells fabricated from different semiconductors connected with high-
quality tunnel junctions. Experimentally, impressive demonstration with conversion efficiency beyond 
40% has been reported very recently with assistance of an additional high-flux concentrator [11-13]. As 
estimation, a single concentrator PV cell with the area of 5mm×5mm under the 500× solar irradiation can 
generate electric power more than a poly-crystalline cell with the area of 156mm×156mm. In this way, 
high-flux concentrator PV power system can not only achieve the higher energy conversion efficiency, 
but also effectively reduce the device area and thus reduce the occupation of land obviously, as shown in 
Fig. 3 [14].  Let’s take a 10MW PV power plant for example. If the traditional crystalline silicon 
technology is adopted, 300, 000 square meters land will be totally occupied. Although the land area will 
be also the same as crystalline silicon by employing concentrated PV cell technology, the fixation base on 
land for each 10KW CPV power generator actually occupies less than 4 square meters, and the 10MW 
CPV power plant actually occupies only 4000 square meters. Therefore, the high efficiency CPV power 
plant is a real environment-friendly renewable energy source.
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Fig. 3.  The application of CPV power plant 
3. PV pumped storage 
According to the prospect, both the specific ratios for the renewable energy and the PV power in the 
whole energy structure would be 80% and 60%, respectively, at the end of 21st century.  
According to the current management technology of electric network operation, once PV generation 
exceed more than 20%, it is very hard to protect the stability of electric network and the utilization safety 
of terminal user. Therefore, it is urgent to solve the problems of transport stability and the safety of PV 
power. 
If we make use of the portion of PV power exceeding the safe capability of electric network to 
actualize the application of pumped storage, sustaining power would be obtained day and night through 
hydraulic power generation. This activity may loss part of the conversion efficiency but actually 
safeguard the stability of electric network and the utilization safety of terminal user. At the same time, the 
combination of pumped storage and farm field irrigation may also improve the environment of agriculture. 
Thus a real environmental friendly PV power plant would be realized, as shown in Fig.4. 
Fig. 4.  The plan for solar energy swamped land 
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4. Conclusions 
The issued feed-in-tariff policy for PV power price will play a vital role in the large-scale development 
of PV power plant. It is the tendency to build environment-friendly power plant, especially the 
development of thin film silicon PV power plant and the application of CPV power plant. Actually, the 
PV industry in china, which is a potentially huge market, has not been well explored. After the issue of 
the “feed-in-tariff” policy of China by NDRC, the target scale of construction for the PV power plant has 
been lifted up to 15GW. 
    How to reasonably utilize green energy and keep sustainable development is the most important 
challenge for humanity in this century. As a huge green energy source generated from the sun, PV 
industry will gain the best opportunity to grow up. We should grasp the opportunity to build the most 
suitable environmental friendly PV power plant, and welcome a better tomorrow. 
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